Weed-suppressive soils contain naturally occurring microorganisms that suppress a weed by inhibiting its growth, development, and reproductive potential. Increased knowledge of microbe-weed interactions in such soils could lead to the identification of management practices that create or enhance soil suppressiveness to weeds. Velvetleaf death and growth suppression was observed in a research field (fieldA) that was planted with high populations of velvetleaf, which may have developed via microbial mediated plant-soil feedback. Greenhouse studies were conducted with soil collected from fieldA (soilA) to determine if it was biologically suppressive to velvetleaf. In one study, mortality of velvetleaf grown for 8 wk in soilA was greatest (86%) and biomass was smallest (0.3 g plant 21 ) in comparison to soils collected from surrounding fields with similar structure and nutrient content, indicating that suppressiveness of soilA was not likely caused by physical or chemical factors. When soilA was autoclaved in another study, mortality of velvetleaf plants in the heat-treated soil was reduced to 4% compared to 55% for the untreated soil, thus suggesting that suppressiveness of soilA is biological in nature. A third set of experiments showed that suppressiveness to velvetleaf could be transferred to an autoclaved soil by amending the autoclaved soil with untreated soilA; this provided additional evidence for a biological basis for the effects of soilA. The suppressive condition in these greenhouse experiments was associated with high soil populations of fusaria. Fusarium lateritium was the most frequently isolated fungus from roots of diseased velvetleaf plants collected from fieldA, and also was the most virulent when inoculated onto velvetleaf seedlings. Results of this research indicate that velvetleaf suppression can occur naturally in the field and that F. lateritium is an important cause of velvetleaf mortality in fieldA. Nomenclature: Velvetleaf, Abutilon theophrasti Medic., ABUTH; corn, Zea mays L.; soybean, Glycine max (L.) Merr.
Velvetleaf is an invasive annual weed of importance to corn and soybean production systems in the United States (Spencer 1984; Zhou et al. 2007) . Velvetleaf seeds can persist in soil for long periods (Buhler and Hartzler 2001; Lueschen and Andersen 1980) and germinate throughout the cropping season when conditions are favorable (Davis et al. 2005) . The wide germination window and its natural tolerance to many herbicides (Hartzler and Battles 2001) make velvetleaf difficult to control with the use of conventional weed control practices (Owen and Zelaya 2005; Zhou et al. 2007) . Growers are faced with reduced crop yields even when nutrient supply is sufficient because velvetleaf competition for light may increase with increasing nitrogen supply (Barker et al. 2006; Lindquist et al. 2007) . Moreover, velvetleaf serves as an alternate host of pathogens such as Colletotrichum spp. that affect the development of crops such as soybean (Hartman et al. 1986 ). All available stress and mortality factors must be brought to bear in order to manage populations of velvetleaf effectively (Lindquist et al. 1995; Westerman et al. 2005) .
Recent research has suggested that plant-soil feedback is an underexplored factor that can determine plant abundance, persistence, invasion, and succession (Klironomos 2002; Kulmatiski et al. 2008) . Plant-soil feedback research explores how plants change soil biology and whether these changes increase or decrease subsequent plant growth. Research in successional and invaded plant communities has so far dominated plant-soil feedback research (Kardol et al. 2007; Kulmatiski et al. 2004; Reinhart and Callaway 2006) . In a meta-analysis of published research, Kulmatiski et al. (2008) hypothesized that negative plant-soil feedback occurs most commonly in annuals and nonnative plant species and is a likely mechanism explaining the success or failure of nonnative plants in new habitats and the replacement of early successional species by late successional species. Therefore, the abundance and success of annual agricultural weeds is determined in part by plant-soil feedback mechanisms. Although both biotic and abiotic factors may contribute to plant-soil feedback (Ehrenfeld et al. 2005) , there is increasing interest in the role of soil microorganisms in controlling plant performance in situ (Reinhart and Callaway 2006) .
Disease-suppressive soils are inhibitory to the establishment or activity of specific plant pathogens (Mazzola 2002) . Although the concept of natural weed suppression by agricultural soils has received far less attention than diseasesuppressive soils, research over the last two decades revealed the identity of some microorganisms that contribute to natural weed suppression and examined practices that encourage the development of weed-suppressive microbial populations (Gallandt et al. 1999; Kennedy 1999; Kremer and Li 2003; Li and Kremer 2000) . Previous research with velvetleaf focused on the activity of deleterious (i.e., plantgrowth inhibitory but nonpathogenic) rhizosphere-and spermosphere-inhabiting bacteria (Begonia and Kremer 1994; Owen and Zdor 2001) . The involvement of a soilborne fungus in natural suppression of velvetleaf was reported in one study in which a decline of velvetleaf growth and seed production was associated with a naturally occurring velvetleaf-specific population of Verticillium dahliae (Sickinger et al. 1987) . Many other fungal species associated with velvetleaf have been identified (Farr and Rossman 2009) , primarily in connection with seed colonization and decay (Chee-Sanford 2008; Kremer et al. 1984) , exploitation of velvetleaf as an alternate host by pathogens of crop plants (Boewe 1963; Hartman et al. 1986; Helbig and Carroll 1984; Hepperly et al. 1980) , and potential use as mycoherbicides, i.e., biocontrol agents applied in an inundative mode (Templeton et al. 1979) . Although some of these fungi are known soil inhabitants, their role in natural suppression of velvetleaf populations is unknown.
Research on competition between corn and velvetleaf has been conducted annually since 1995 within a 4-ha field on the agronomy farm at the University of Nebraska-Lincoln's (UNL) Agricultural Research and Development Center (ARDC), with velvetleaf being seeded each year into plots to elevate its population (Lindquist 2001; Lindquist and Mortensen 1999; Murphy and Lindquist 2002; Terra et al. 2007 ). Mortality and reduced growth of velvetleaf seedlings were observed in this field beginning in 2001 (Terra et al. 2007) , and establishment of velvetleaf became increasingly difficult. Plants in this field exhibited nearly identical symptoms as those resulting from infection by the vascular wilt pathogen Verticillium dahliae described by Sickinger et al. (1987) . The phenomenon was not apparent in neighboring fields with small naturally occurring populations of the weed. In a preliminary analysis of velvetleaf plants with wilt symptoms collected in 2003, Fusarium lateritium, a fungus which had been reported previously to be a pathogen of velvetleaf (Walker 1981) , was isolated from root tissues. Walker (1981) reported that an isolate of F. lateritium from spurred anoda (Anoda cristata) in Mississippi was pathogenic on seedlings of velvetleaf and other species in the Malvaceae family. Application of F. lateritium to foliage as a macroconidial spray (Boyette and Walker 1985a,b) and to soil as mycelia-infused granules (Boyette and Walker 1985a) resulted in varying levels of velvetleaf mortality. There is no information, however, on the impact of naturally occurring F. lateritium populations on velvetleaf.
The high rate of velvetleaf mortality in the aforementioned field suggests that this soil may be ''suppressive'' to the weed by way of negative plant-soil feedback owing to specific biotic factors. Given the observation that this field (herein referred to as fieldA) became suppressive to velvetleaf, the microbial community in that soil represents a unique system for further study. Thus the first objective in this research was to determine if suppressiveness in fieldA is of a biological nature. If suppressiveness in fieldA could be attributed to soil biota, the second objective in this study was to establish whether F. lateritium could be involved in conferring that suppressiveness.
Materials and Methods
The Biological Nature of Velvetleaf Suppression. Three separate greenhouse experiments were conducted to determine whether the velvetleaf suppression observed in fieldA could be attributed to biological rather than abiotic factors. Six soils were used in these experiments; with the exception of soilG, all were collected in summer 2006 from separate fields at the ARDC. SoilA was obtained from fieldA; soils B, C, D, and E were collected from separate fields having only naturally occurring populations of velvetleaf and no recorded observations of velvetleaf suppression. Within at least three randomly selected locations in each field, aboveground vegetation was removed and soil was excavated with the use of a shovel from the 20-cm plough layer and placed in buckets. Within 6 h of collection, soils were spread in a 2-cm layer over black polythene on a greenhouse bench to facilitate drying at 25/ 20 C day/night air temperatures. After 2 wk, soil samples from each field were then sieved with the use of a 2-mm mesh screen and stored in sealed 12-gallon plastic containers at room temperature until use within experiments. With the exception of soilA, all soils had been cropped to a cornsoybean rotation and received similar herbicide history. fieldA had been in a corn-soybean rotation, but was planted to winter wheat following the soybean crop in autumn 2005. Soil types at the ARDC are primarily Sharpsburg silty clay loam (fine, smectitic, mesic Typic Argiudoll) with inclusions of Butler silty clay loam (fine, smectitic, mesic Typic Argiudoll). soilG also was a Sharpsburg silty clay loam soil collected from a site near Lincoln, NE, stored in air-dried form for more than a year, and used as the greenhouse soil source. soilG was presumed to be ''conducive'' to velvetleaf in this study because it was used successfully in previous greenhouse experiments to grow velvetleaf. Each soil was mixed thoroughly and a small sample (, 200 g) was submitted to the UNL Soil and Plant Analysis laboratory to be analyzed for its chemical and physical properties (Table 1) .
The same general procedures were used in the three experiments. Locally collected velvetleaf seeds were surface disinfected (soaked for 1.5 min in 1.25% sodium hypochlorite, then rinsed twice with sterilized water) and planted 1 cm deep (20 seeds per pot in experiments 1 and 3, 10 seeds per pot in experiment 2) in 1.8 L of soil contained in autoclaved clay or disinfected (idem) plastic pots. The pots were placed on a greenhouse bench in a completely randomized design where their positions were re-randomized weekly for the duration of the experiment. Pots were watered to field capacity daily. Temperatures in the greenhouse were regulated at 25/20 C day/night cycle and a 12-h photoperiod was provided with the use of metal halide lamps to supplement daylight. Seedlings with their first true leaves were thinned to 3, 5, and 10 plants pot 21 in Experiments 1, 2, and 3, respectively. The plants were maintained in the greenhouse for an additional 8 wk in Experiment 1 and 5 wk in Experiments 2 and 3. At the end of this period, the number of plants surviving were counted and these data were used to calculate mortality (the percentage of plants that died by the end of the experiment). Average height of surviving plants within a pot was measured and plants were clipped at the soil surface and pooled into a sample. Total leaf area in the sample was measured with the use of a leaf area meter, 1 and biomass was determined after the sample was dried at 60 C to constant weight. Per-plant leaf area and biomass were estimated by dividing the respective sample measurements by the number of surviving plants comprising a sample.
The first experiment was conducted to test the hypothesis that velvetleaf growth and survival would be reduced in soil from fieldA (soilA) compared to soils of similar physical type (soils B, C, D, and E ). There were 10 replicate pots per soil and the experiment was conducted three times. Velvetleaf mortality and growth parameters (on per-pot and per-plant basis) were compared among soils with the use of ANOVA. Assumptions of normality and homogeneity of variance were met, and analyses were conducted with the use of the MIXED procedure in SAS 2 (Littell et al. 1996) . As there was no experiment-by-soil interaction, data were combined across replicates of the experiment. Treatment differences (soil) were compared with the use of the Tukey HSD procedure (P , 0.05).
The second experiment tested the hypothesis that sterilization of soilA would cause the soil to become conducive to velvetleaf growth. The experiment was a two-way factorial with five replications. Factors included two soils and two sterilization treatments. The two soils used for this experiment were the suppressive soil (soilA) and a conducive soil (soilG ). The soils were either autoclaved at 121 C for 1 h on each of three consecutive days (sterilized) or left untreated (nonsterilized). The entire experiment was conducted twice and statistical analysis was conducted as for Experiment 1.
Experiment 3 was conducted to test the hypothesis that the suppressive qualities of soilA could be transferred to a soil that was considered conducive to velvetleaf growth. The conducive soil, soilG, was autoclaved at 121 C for 1 h on each of three consecutive days. Autoclaved soilG then was mixed with untreated soilA at 7 different ratios by weight (100:0, 97:3, 94:6, 91:9, 88:12, 85:15, and 80:20) . Four replicate pots per soil mixture were used in Run 1 of the experiment and six in Run 2. Mortality, height, total pot leaf area, and total biomass were regressed on the percentage of soilA in the mix with the use of the REG procedure in SAS. There was no clear response of mortality across treatments. However, because the number of plants per pot may directly influence height, total pot leaf area, and biomass, we modeled them as a function of percentage of soilA adjusted for number of plants per pot at harvest and experimental run with the use of multiple regression. Under this approach, the estimated slope indicates the direction and magnitude of the response to percentage of soilA and the coefficient of partial correlation indicates the proportional reduction in the error sums of squares when percentage of soilA is added to the regression model already containing number of plants and experimental run.
Contribution of F. lateritium to Velvetleaf Suppression. Two procedures were used to determine if Fusarium spp. in general and F. lateritium specifically could be involved in soil suppressiveness to velvetleaf. In the first procedure, population levels of Fusarium spp. in the soils used in Experiments 1 and 2 were assayed prior to the start of each experiment. Four grams of each air-dried soil was dispersed into 100 ml distilled water and 0.2 ml of the suspension was spread over the surface of modified Nash-Snyder agar media (Lamour and Hausbeck 2003) 3 ) to limit the development of oomycetes and thus enhance the selectiveness of the medium for Fusarium spp. Fusarium spp. were identified morphologically as white to pinkish, puffy colonies developing in the cultures after incubation under continuous white light for 2 d (Lamour and Hausbeck 2003) , and were counted and reported as colony-forming units (CFUs) g 21 soil.
In the second procedure, we determined the relative occurrence of fungal species in the roots of diseased and healthy velvetleaf growing in fieldA and the pathogenicity of the most prevalent fungal species found in velvetleaf roots. Sixty-two randomly selected plants were collected on 29 May and 12 June, 2007 from areas of fieldA that were infested with velvetleaf plants at the one-to six-leaf stages. Plants were separated into symptomatic (showing symptoms of wilt) and asymptomatic groups, brought to the laboratory, and washed with running tap water. Two 1-cm-long root slices were taken from each plant with the use of a sterilized razor blade, surface disinfected for 1 min in a 3% solution of sodium hypochlorite and then rinsed in sterilized deionized water (SDW) before being dried on a sterile paper towel. One piece from each root was cultured on 50% potato dextrose agar (PDA) and the other on water agar (WA) (Windels 1992) . The cultures were incubated for 1 wk under continuous fluorescent lighting. The predominant fungi growing from each root piece were identified to genus on the basis of morphology (Nelson et al. 1983) . Representative cultures of Fusarium spp. were further purified by single-spore transfer onto carnation-leaf agar (CLA) (Windels 1992) . The cultures were incubated under fluorescent lights for up to 3 wk, during which they were examined microscopically for morphological features used in identification to species (Leslie and Summerell 2006) . Pure isolates were maintained on PDA slant cultures kept at room temperature.
The pathogenicity of several of the most frequently isolated fungi from the field collected velvetleaf roots was determined on velvetleaf in the greenhouse. Each isolate was cultured for 2 wk in 50% PDA; then a suspension of its spores were made by pouring 5-10 ml of SDW into the agar plate, lightly scraping the mycelium to loosen spores, and filtering the suspension through sterile cheesecloth to remove hyphal strands. The concentration of spores in each suspension was determined with the use of a hemocytometer. Spore concentrations were standardized across all of the fungal isolates by diluting each suspension with SDW to the same concentration as the most dilute fungal isolate. Velvetleaf seeds were surface disinfected and germinated on moist paper towels prior to inoculation with fungal spore suspensions. Roots of 5-d-old seedlings were dipped into a spore suspension for 20 min before transplanting into autoclaved greenhouse potting mix 4 contained in 13-cm-diam by 15-cmdeep autoclaved clay pots. The control consisted of seedlings immersed in SDW. There were eight replicate pots with four seedlings per pot for each fungal isolate and the control. Pots were arranged in the greenhouse with the use of a completely randomized design and were watered to field capacity daily. The number of surviving plants in each pot was recorded daily for 14 d. At the end of this period, plant height was measured and plants were clipped at the soil surface and oven dried at 60 C to constant weight. Sections of roots were cultured as described above to isolate the pathogen.
Results and Discussion
The five soils collected at the ARDC and soilG were all silty clay loam soils with similar organic matter and nutrient content (Table 1) except that soilC had lower nutrient content than the other soils. The soils ranged from slightly acidic to neutral pH. Fungi typically are not very sensitive to changes in the pH range of our field soils in Nebraska. The survival and growth of velvetleaf in the greenhouse differed among the five field soils in which it was planted (Table 2) . Following 8 wk of growth, velvetleaf mortality in soilA was similar to that in soilE, these two soils had greater mortality than soilC, and the two remaining soils had intermediate mortality levels. Similarly, leaf area and biomass were lowest in plants grown in soilA and soilE, greatest in soilC, and intermediate in the remaining soils. Results from Experiment 1 confirm that the soil from fieldA was suppressive to velvetleaf. soilE also was shown to be velvetleaf suppressive; this finding was unexpected because symptoms of velvetleaf infection were not observed previously in the field from which soilE was collected. Nevertheless, there were marked differences in velvetleaf survival and growth among the soils, despite their similarity in structure, which did not relate to measured soil chemical properties or to the history of herbicide applications in the fields. In particular, soilC, with the lowest nutrient content supported the highest growth of velvetleaf. From these results we conclude that velvetleaf suppression cannot be attributed only to abiotic components of the soil.
In Experiment 2, heat treatment of soilA reduced its suppressiveness to velvetleaf, as shown by a decrease in mortality and increased growth of velvetleaf as compared to nonsterilized soilA (Table 3) . As expected for a conducive soil, velvetleaf mortality and growth in the soilG did not differ among treatments and was similar to that in heat-treated soilA. We conclude from these results that the soil factor responsible for velvetleaf suppression can be removed by autoclaving and, therefore, could be biological in nature (Klironomos 2002) .
The third experiment was conducted to assess whether the suppressive effect of soilA could be transferred to a conducive soil. Velvetleaf height, leaf area, and biomass increased with the number of plants in the pot and decreased with increasing percent soilA in mixture with the conducive soilG (Table 4) . These results show that the suppressive effects of soilA can be transferred to a conducive soil. Although it is conceivable this phenomenon could be due to transference of growthinhibitory chemical factors, such as allelopathic toxins or residual herbicides, the fact that suppressiveness can be conferred by adding very small amounts of a suppressive soil into a conducive soil implies that the suppressive factor was capable of multiplying in conducive soil, and therefore is biological.
Contribution of Fusaria and F. lateritium to Velvetleaf Suppression. In the first set of greenhouse experiments, the pre-experiment population of Fusarium spp. detected in velvetleaf-suppressive soilA (1.6 3 10 5 CFUs g 21 soil) was approximately 10-fold greater than in soils B, C, and D, but was within the same order of magnitude as soil E, which also had greater mortality (Table 2 ). In the second set of experiments, a 10-fold reduction in populations of Fusarium spp. was found in soilA after heat treatment as compared to the untreated soil (Table 3) . Similar low Fusarium populations were found in both heat-treated and nontreated forms of soilG. The populations detected in the heat-treated soils may reflect residual populations remaining after incomplete sterilization by the heat treatment or recolonization of sterilized soil via aerial inoculum. Preplant Fusarium populations in soilA differed considerably between the first (Table 2 ) and second set (Table 3 ) of greenhouse experiments, but mortality levels did not seem to reflect the difference. As the two sets of experiments were conducted over different time periods, it is likely that variation in greenhouse environmental conditions between sets of experiments or changes in the composition of Fusarium spp. in the soil during storage caused the discontinuity between experiment sets. Although it can be assumed that F. lateritium was among the Fusarium spp. detected in the soils, we could not easily distinguish colonies of F. lateritium on the semiselective medium, and therefore, the populations of this species could not be ascertained. Furthermore, we cannot rule out other soil Table 2 . A comparison of plant mortality, leaf area, and dry biomass of velvetleaf grown in five soils from the ARDC farm and populations of Fusarium species in those five soils. Means within a column followed by the same letter indicate no differences at P , 0.05. SE 5 least-squares standard error of the mean estimate. Table 3 . Mortality, leaf area, dry biomass of velvetleaf, and populations of Fusarium spp. in a factorial experiment with two soil (soilA and soilG) and two heat treatments (Sterilized 5 autoclaving at 121 C; Nonsterilized 5 no heat treatment). ANOVA results from the pooled data across two runs of the experiment. Means within a column followed by the same letter indicate no differences at P , 0.05. microorganisms having a role in causing mortality and reduced plant growth in the greenhouse experiments. Nevertheless, the strong relationship between velvetleaf suppression and preplant Fusarium populations observed in each set of experiments is consistent with the hypothesis that F. lateritium is involved in soil suppressiveness to velvetleaf. We did find strong evidence for F. lateritium playing a role in causing disease in velvetleaf plants in fieldA. In the May 29, 2007 collection of plants from fieldA, 26% of the velvetleaf plants examined exhibited symptoms. A variant of F. lateritium that produced dark sporodochia on PDA was isolated from the roots of 81% of the symptomatic plants. In the June 12, 2007 collection, 35% of the plants were symptomatic and 57% of these yielded the same dark variant of F. lateritium.
Soil
The F. lateritium isolates from velvetleaf roots were identified as such on the basis of morphology. The isolates were slow growing when cultured on 50% PDA, with colonies expanding to 1.5 cm diam in 4 d at 25 C. Sparse white aerial mycelia were produced. Sporodochia produced abundantly on the agar surface were initially light tan or salmon colored and then changed to green-blue to blue-black. The color change was apparent within 4 d in cultures incubated under fluorescent lights and it conferred a blue-black color to the colony. Upon culture on carnation-leaf agar, the fungus produced the same type of sporodochia primarily on the surface of the carnation leaves. Macroconidia were produced from monophialides in the sporodochia. The macroconidia were relatively straight, averaged 80 mm in length, and most had five septa. The apical cell was noticeably bent and its tip was pointed. The basal cell was distinctly foot shaped. Some isolates produced macroconidia from hyphae immersed in the agar, and from these macroconidia abundant chlamydospores were produced within 10 d. Microconidia were few in number, club shaped, and had zero to two septa. All of these characteristics, with the exception of the dark coloration of the sporodochia, are consistent with descriptions of the species in Leslie and Summerell (2006) . The dark pigmentation and the macroconidial morphology are the same as those reported by Walker (1981) for F. lateritium isolated from spurred anoda that is also pathogenic to velvetleaf.
In the greenhouse evaluation of eight fungal species for pathogenicity to velvetleaf, four were pathogenic to varying degrees, with the isolate of F. lateritium being most virulent (Table 5) . Beginning approximately 5 d after inoculation of seedling roots with F. lateritium, reddish-brown lesions were observed on the stems of inoculated seedlings at the soil line. The lesions girdled the stems and expanded upwards by several millimeters. The leaves, while exhibiting no discoloration or lesions, rapidly curled and dried. The roots of infected seedlings were entirely necrotic. Fusarium lateritium was reisolated from the roots and stems of diseased plants. The other fungal isolates tested caused little or no disease. Among them was an isolate of Macrophomina phaseolina, a species known to be a cosmopolitan pathogen causing charcoal rot of soybean and corn, as well as velvetleaf (Boewe 1963; Dhingra and Sinclair 1978) .
By finding F. lateritium to be the most frequently isolated fungus from diseased velvetleaf from fieldA, demonstrating that an isolate of this species was the most virulent, and reisolating the fungus from affected plants in the inoculation test, we completed Koch's postulates (Agrios 1997) and, therefore, can conclude that F. lateritium is an important cause of velvetleaf mortality in fieldA. In this study, we focused on disease in velvetleaf at the seedling and juvenile stages. The rapid blighting of seedlings caused by the F. lateritium isolate in the pathogenicity test is consistent with the blight symptoms observed on young velvetleaf plants in the greenhouse experiments with soilA. This provides additional support to the supposition that F. lateritium was involved as a biological factor causing velvetleaf suppression in those greenhouse experiments as well.
Although Walker (1981) previously demonstrated that F. lateritium can be pathogenic on velvetleaf, infection in that case was a result of artificial inoculation of the fungus as a mycoherbicidal agent. This is the first study to demonstrate that a naturally occurring soilborne population of F. lateritium can cause disease in velvetleaf in the field. Velvetleaf infection Table 4 . Results of the multiple regression of each response variable on fraction of soilA in the pot (treatment), adjusted for experimental run (Run) and number of plants per pot at harvest (No. of plants). Estimated slope indicates the direction and magnitude of the response to fraction of soilA (as well as No. of plants and Run), P value indicates the probability that the estimated slope differs from zero, and the squared partial correlation indicates the proportional reduction in the error sums of squares when a fraction of soilA is added to the regression model already containing experimental run and number of plants (a partial R 2 ). SE is the standard error of the mean percent mortality. by our isolate of F. lateritium in the greenhouse pathogenicity test was undoubtedly via the roots, as there was no evidence of infection initiating in the leaves. Furthermore, the tops of the seedlings were kept dry, which would inhibit foliar infection by F. lateritium (Boyette and Walker, 1985b) . Although leaf lesions due to natural foliar infection by F. lateritium were found on velvetleaf plants within fieldA (unpublished observation), such infections also were found in velvetleaf stands in other locations and generally followed extended periods of rainy weather. Therefore, foliar infection by the fungus was likely not important in velvetleaf decline in fieldA. This is unlike other diseases caused by F. lateritium in which the primary symptoms are branch dieback and stem cankers in woody hosts (Booth 1975 ). The differences may well be host or environment related, but it is also possible that the darkcolored isolates found in this study differ biologically from the stem canker pathogens, as F. lateritium is thought to be a complex comprised of multiple biological species (Leslie and Summerell 2006) .
Potential for Further Studies into Suppressiveness. The confirmation that suppressiveness to velvetleaf in fieldA is biological in origin provides a basis for further study into the microbial community in fieldA and its possible exploitation for management of velvetleaf. Although we do not exclude the possibility that other fungal and oomyceteous pathogens, rhizosphere-inhabiting bacteria, or plant parasitic nematodes might also contribute to the suppressiveness of the soil in fieldA to velvetleaf, our finding that F. lateritium naturally occurring in fieldA is associated with the decline in velvetleaf populations provides us with an initial point of focus for future studies. Although the velvetleaf-pathogenic isolate of F. lateritium reported by Walker (1981) was not pathogenic to corn or soybean and appears to be morphologically similar to the isolates from fieldA, the specificity of the fieldA isolates to noncrop species needs to be confirmed. Furthermore, research to quantify the effects of F. lateritium on velvetleaf populations is required. Finally, knowledge of management factors that may enhance the natural populations of F. lateritium and other velvetleaf pathogens is needed to develop the natural phenomenon of velvetleaf suppression into a practical management strategy for velvetleaf in corn and soybean production systems. The origin of velvetleaf suppressiveness in fieldA very likely followed the same course of events that occurs upon repeated monoculture of any plant, namely, the selection for virulent strains among the diverse resident pathogen population through the repeated availability of a single host. For obvious reasons, monoculturing of velvetleaf is impractical as a means to generate sufficient negative plant-soil feedback to create velvetleaf-suppressive soils. However, the many fungal pathogen-crop plant systems that have been studied can serve as models for predicting possible strategies to enhance velvetleaf pathogen populations, such as rotation with cover-crop species that are alternate hosts for velvetleaf pathogens. 
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